Abstract n-Alkanes of 15 samples of acorn oil from Quercus ilex and Quercus suber have been analysed by gas chromatography. Oil was extracted in a Soxhlet glass apparatus using petroleum ether as solvent. The unsaponifiable matter was fractionated by high-performance liquid chromatography. Then, the analysis was performed on a capillary DB-5MS column (30 m×0.25 mm i.d., 0.25 μm film thickness), with hydrogen as carrier gas and using a flame ionization detector. Eicosane was used as internal standard for quantification of individual n-alkanes. Gas chromatography-mass spectrometry (GC-MS) analysis in full scan mode was used for their identification. Ten compounds have been identified in these samples: heneicosane, docosane, tricosane, tetracosane, pentacosane, hexacosane, heptacosane, octacosane, nonacosane and triacontane. By using these compounds as chemical descriptors, pattern recognition techniques, such as principal component analysis and linear discriminant analysis, were applied to find out a suitable classification model and differentiate between Q. ilex and Q. suber genuses. The results showed that these compounds allowed the differentiation of the two genuses with a complete classification.
Introduction
The genus Quercus includes more than 300 species growing in temperate ecosystems. Three species, Quercus ilex L., Quercus suber L., and Quercus faginea L., are very characteristic of the Mediterranean area, extending from Portugal to Turkey and from France to the north of Africa (Toumi and Lumaret 2001) . The human impact on the evergreen oak species is low, except for Q. ilex (Holm oak), which has been traditionally used to produce highquality oak. In Tunisia, these species have a significant ecological and economic value for the local communities living in and around the forest. As an edible sweet fruit, it is the most important gathered food in mountains, and it is also used in ice cream and desserts. In addition, Holm acorns are the major component in the feeding systems of many wild and livestock species, such as goats and lambs. Moreover, it is also the basic feed ingredient for domestically bred high-quality meat pigs in many Mediterranean countries, especially in Spain, which has a relevant economic and social impact on the Iberian Peninsula (Soto et al. 2008) .
There are other oak species like Q. suber (cork oak), considered as a fruit tree for feeding animals, but they are of minor interest. Although fruits are not toxic, they have an unpleasant and astringent taste rendering them unfit for consumption due to their higher concentration in tannins, which inhibit the fibrinolytic and proteolytic enzymes of the rumen, and therefore affect negatively the performance of animals conducted on this vegetation (Nolan et al. 1989; Waghorn 1990) .
However, cork oaks are mainly used for the production of the fuel wood, charcoal and timber hardwood. Nowadays, this species is acquiring more interest for Mediterranean forest restoration and reforestation together with other evergreen species (Silva et al. 2005) .
Blended flour of the two acorn species, holm and cork oaks, are commercially available, but the percentage of Q. ilex is usually lower than that of Q. suber because they command higher prices for their better qualities.
Until now, the distinction of species in the Quercus genus is still a matter of debate, and no studies have been done to differentiate between Tunisian holm and cork oaks according to their chemical oil composition.
To take this situation into account, it is important to have appropriate methods to discriminate between the two species according to the hydrocarbon fraction, which is of great interest since it can be used as a key parameter for differentiation.
Hydrocarbons are minor components of the unsaponifiable matter of oils and fats. Most fats contain small quantities (0.1-1 %) of saturated and unsaturated hydrocarbons, mainly nalkanes from C 10 to C 35 , being the odd numbered carbon chains as the most abundant (Webster et al. 2000) . The hydrocarbon profile is a characteristic of each vegetable species; for that reason, it has been used for assessing authenticity of vegetable fats (Harwood et al. 2013 ), e.g. olive oil varieties can be detected by means of their n-alkane profile (Guinda et al. 1996) .
The aim of the present study has develop a new analytical method to improve the identification and simultaneous quantification of the hydrocarbon fraction in acorn oils. The contents of these compounds have been used as chemical descriptors to differentiate between the two species of Quercus. With this purpose, several pattern recognition (PR) techniques, such as principal component analysis (PCA) and linear discriminant analysis (LDA), have been applied.
Materials and Methods
Chemicals and Reagents n-Hexane, absolute for analysis grade supplied by Merck (Darmstadt, Germany), was distilled through a fractionation column. Potassium hydroxide 85 % pellets PA-ACS grade supplied by Panreac (Barcelona, Spain). All other materials were of analytical grade. n-Eicosane (n-C20; Sigma Chemical Co., St. Louis, MO, USA) was used as an internal standard. nHexane (95 %) code H389 and ethyl acetate code H346, both Super Purity Solvent grade, were supplied by ROMIL (Cambridge, U.K.) and were used as HPLC solvents.
Apparatus and Methods
The unsaponifiable fraction was isolated by HPLC according to the method of (Gamero-Pasadas et al. 2006) . The HPLC system consisted of an Agilent 1260 Infinity liquid chromatograph (Palo Alto, CA, USA), with a binary pump, an autosampler, a Peltier furnace and a refractive index detector. An Agilent 1260 Infinity fraction collector (Palo Alto, CA, USA) was installed at the exit of the detector for the recovery of the hydrocarbons fraction. A chemical station Agilent version B.04.02 was used for controlling and monitoring the system. The separation was performed in a LiChrospher Si 60 Merck (Darmstadt, Germany) column (250×4 mm, particle size 5 μm). The temperature of the column and the detector was held at 30°C. The mobile phase was n-hexane/ethyl acetate 85:15 (v/v). The flow rate was fixed at 0.7 mL min −1 during 25.00 min.
The hydrocarbon fraction was analysed in an Agilent 7890A gas chromatograph (Palo Alto, CA, USA) equipped with a split/splitless injector and a flame ionization detector. The column used was a DB-5MS (J&W Scientific, Albany, NY, USA) fused silica capillary column (30 m long×0.25 mm i.d×0.25 μm film thickness) and an Agilent G 4513A automatic injector was used. The temperature program was as follows: initial temperature at 125°C, 2°C min −1 to 180°C.
Finally, it was then raised to 310°C at a rate of 3°C min − . The injector and detector were held at 330 and 340°C, respectively. Hydrogen was used as carrier gas with a constant flow of 2 mL min , respectively, were used for the detector, which had an auxiliary flow of 30 mL min −1 of nitrogen. In order to identify the n-alkanes fraction, a GC-ion-trap-MS experiment were performed using a Varian CP3800 gas chromatograph coupled to a Saturn 2000 ion trap mass spectrometer (Varian, Palo Alto, CA, USA) equipped with an CP8400 autosampler operating in full scan mode from 40 to 550 amu at 1 scan/s. The column used was a DB-5MS (J&W Scientific, Albany, NY, USA) fused silica capillary column (30 m long×0.25 mm i.d×0.25 μm film thickness). The GC conditions included hydrogen as carrier gas at 1.9 mL min −1 in constant flow mode. The oven temperature was: initial temperature at 125°C, 2°C min −1 to 180°C. Finally, it was then raised to 310°C at a rate of 3°C min − . The injector temperature was 330°C. Split injection mode was used with a ratio of 1:3, and injection volume was 2 μL.
The MS operating conditions were the following: ion source and transfer line temperatures were 190 and 290°C, Fig. 2 GC chromatograms of nalkanes isolated. For peak assignments, see Table 1 . a GC-FID chromatogram; b GC-ion trap-MS chromatogram in full scan mode respectively. The electron energy was 70 eV, a resolution of 1 and the emission current 10 μA; dwell time and interchannel delay were 0.08 and 0.02 s, respectively. Varian mass spectrometry workstation version 6.30 software was used for data acquisition and processing of the results.
Samples and Sample Treatment
Fifteen wild mature fruits of Q. ilex L., and Q. suber L., were picked in November 2012 at different locations in Tunisia (Center, North-West and North-East) and in Algeria, Spain and Finland. Air-dried acorn samples of each Quercus were dehulled, and the kernels (dicotyledons) were obtained and ground in a blender. Oil was extracted in a Soxhlet glass apparatus using petroleum ether as solvent (IUPAC 1987) . The extracted oil was filtered at 40°C through filter paper and stored in freezer at −25°C until analysis.
Unsaponifiable fraction was extracted as described elsewhere (Lanzón et al. 1994) . One millilitre of the standard solution of n-eicosane (1.2505 mg mL ) was added to 10 g of oil. The mixture was saponified for 1 h with 75 mL of 10 % ethanolic potassium hydroxide. The solution was passed to a 500-mL decanting funnel where 100 mL distilled water was added, and the mixture was extracted twice with three 100-mL portions of hexane. The hexane extracts were combined in another funnel and were washed several times with 100-mL portions of a mixture of ethanol-water (1:1), until the wash was at neutral pH. The hexane solution was dried over anhydrous sodium sulphate and evaporated to dryness in a rotary evaporator at 30°C under reduced pressure.
The complete unsaponifiable fraction was dissolved in 5 mL of mobile phase, and 400 μL of the solution was injected to the HPLC system as described in instrumentation section. Figure 1 shows a chromatogram of unsaponifiable fraction from oil of Q. ilex. The fraction that eluted from 2.0 to 5.0 min was recovered through the fraction collector and concentrated in the rotary evaporator at 30°C under reduced pressure to 0.15 mL and analysed by gas chromatography.
Quantitative Analysis and Chemometrics
Each component in the chromatogram was quantified using neicosane as internal standard. The response factor relative to nalkanes is close the unit. The data were analysed using the statistical package CSS: STATISTICA 8.0 software (StatSoft Inc 1995) . The n-alkaness identified were considered as chemical descriptors. A data matrix, whose rows are the samples and whose columns are the variables, was built. Each element of this matrix xij corresponds to the content of n-alkane j for the sample i. Statistical analysis based on nonparametric techniques were used, including the Kolmogorov-SmirnovLilliefors test, which was used to evaluate the normality of each variable included in the study. Since the data distribution was not normal, nonparametric tests were applied. The Kruskal-Wallis test was used to find out significant differences for the variables with three levels. This test is considered as an ANOVA test for one factor. The Mann-Whitney U test was used to determinate the differences between two levels of a same variable. This test is considered similar to a Student's t test for independent samples groups.
In order to obtain a better understanding of the data trends, pattern recognition methods such as principal component analysis (PCA) and linear discrimination analysis (LDA) were applied.
Results and Discussion
n-Alkanes Analysis Figure 2a shows the GC-FID chromatogram of the hydrocarbon fraction isolated by the HPLC method proposed in this work. Kovats Indices of all the n-alkanes are included in Table 1 , and they are in agreement with literature (http:// www.pherobase.com, 2012). Figure 2b shows the GC-ion trap-MS chromatogram in full scan mode profile of the hydrocarbon. Identification of peaks has been carried out by GC-ion-trap-MS comparing the spectra with those from NIST (National Institute of Standards and Technology) libraries. According to this identification, the n-alkanes of carbon number between 21 (heneicosane) up to the 30 (triacontane) are the major compounds. This is in accordance with data previously published (Harwood et al. 2013 ). It can be also observed that the n-alkane profile of the Quercus analysed is formed mainly by carbon number compounds, between 27 and 30, which is in agreement with bibliography (Harwood et al. 2013 ). The tentative identification of the peaks corresponding to the n-alkanes, according to their MS spectra is also shown on Table 1 , together with the corresponding retention times. C-21 heneicosane, C-22 docosane, C-23 triacosane, C-24 tetracosane, C-25 pentacosane, C-26 hexacosane, C-27 heptacosane, C-28 octacosane, C-29 nonacosane, C-30 triacontane
The content of the single n-alkane determined (mean and standard deviation) are shown in Table 2 . Ten n-alkanes, including even carbon number n-alkanes (ECNA) and odd carbon number n-alkanes (OCNA), were identified in the samples submitted to the HPLC-GC method. The n-alkane profile was characterized by a predominance of ECNA for both Q. ilex and Q. suber (58.31 and 57.54 %, respectively). The main components were octacosane and triacontane (53.16 and 50.26 %) for Q. ilex and Q. suber, respectively. OCNA was found at low levels for Q. ilex (41.69 %) and Q. suber (42.46 %), the main components being heptacosane and nonacosane (36.80 and 35.78 %) for holm and cork oaks, respectively. All results mentioned above are in accordance with previous published data (Harwood et al. 2013) . Table 3 shows median and ranges of n-alkanes corresponding to all samples of Q. ilex and Q. suber. As it can be observed, the most abundant compound was triacontane, with the highest content in Q. suber samples with a median value of 36.16 %. On the other hand, the less abundant n-alkane was heneicosane with 0.72 % of median value. All compounds, except hexacosane, octacosane and nonacosane, showed the highest values in Q. suber samples. In order to find out significant differences between the two genuses of Quercus, the Mann-Whitney U test was performed (De Muth 1999) . The statistical parameter U was obtained for each compound and the respective z values were calculated to be compared with the z value in the normalized standard distribution for 95 % confidence (z=1.96). Results of the application of this test are also shown in Table 3 . It can be observed that the obtained z values are lower than the critical one for most of the considered variables. Only octacosane presents significant difference between both genuses. The remaining n-alkanes do not present significant differences (z values <1.96 in absolute value).
In light of such results, it can be concluded that the two Quercus genuses show differences to make a more detailed study worthwhile. With the aim of finding out differences between the Q. ilex and Q. suber, genuses pattern recognition techniques were applied to the data.
Classification of Fat Samples

Principal Component Analysis
A PCA was applied to the data set to obtain linear combinations of the variables called principal components (PCs). The first principal component (PC1) expresses the largest Q. suber Q. ilex Fig. 3 Score plot in the space of the three first PCs Table 5 . PC1 is highly influenced by heneicosane, docosane, tricosane, tetracosane, pentacosane and hexacosane. In the case of PC2, the most contributing variables are heptacosane, nonacosane and triacontane, whilst PC3 is correlated with octacosane.
Three-dimensional plots of the PCs can be used to reveal the internal structure of the data and visualize the data trends (Jolliffe 2002) . Figure 3 shows the distribution of the samples in the space formed by the three first PCs. It can be observed that most Q. ilex samples appear at positive values of PC1, whereas the most Q. suber samples appear at negative values. There are no remarkable differences according to scores of PC2 and PC3. Taking into account these results, linear discriminant analysis was applied to obtain an adequate classification model.
Linear Discriminant Analysis
The following step in our analysis was to apply procedures of supervised pattern recognition in order to achieve a better separation. Accordingly, LDA (Coomans et al. 1979 ) was applied to the data set also to obtain suitable classification rules for the samples. The corresponding discriminant functions were calculated as linear combinations of the chemical descriptors. The criterion used for feature selection was the backward stepwise approach. In a first run, all the variables are present in the model; in each step, the variable with least discriminant power, according to the Wilks' λ statistic test (Gardiner 1997) , is rejected. In our case, the selected variables were heneicosane, triacosane, hexacosane and octacosane. The equation of the obtained discrimination function (DF) is show in Table 6 , with a recognition ability of 100 %. Figure 4 shows the sample distribution in the space of the two obtained discriminant functions. Q. ilex and Q. suber samples appear completely separated.
Conclusions
In this work, 10 n-alkanes have been identified in Quercus genus and their contents have been determined in samples of acorn oils from two different species, Q. ilex and Q. suber. A study of the discriminating power of these compounds has been performed in order to classify the two acorn species. Initially, these variables were tested to find out statistical differences between the two classes by means of the Mann-Whitney U test. Samples from Q. ilex and Q. suber presented significant differences in only the octacosane. A principal component analysis was carried out to visualize the data trends. A good natural grouping of samples from the same type was observed in the space of the three first PCs. Forward stepwise, LDA was then applied obtaining a classification model based on the contents of heneicosane, triacosane, hexacosane and octacosane. This model presented a complete classification. 
